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Abstract: Abalones are important farming species with a high economic value. They have already been farmed for
more than 50 years. As problems and new requirements rose continuously in culture industry of abalone, studies
on genetic and breeding techniques are needed to improve characteristics and to gain new traits. This review
concentrates on advances in genetics and breeding techniques in abalone. As for genetic studies, karyological
analyses, allozyme, DNA markers and genetic diversity were reviewed. So far, karyological analyses in abalone
have been performed in 12 species that can be divided into three groups according to the chromosome number. In
some economically important species, loci of allozymes and microsatellites have been isolated and applied to
investigate the genetic structure of natural and hatchery populat ions and to identify the result of chromosome set
manipulat ion, but the related reports are only a few yet. The resultsof investigation with DNA markers and
allozymes showed that the genetic structure of natural populations presents two characteristics: excessive
homozygosity and subdivision. Advances of various breeding techniques, including introduction, selection,
hybridization, polyploidy, gynogenesis and gene manipulation, were reviewed in the other part. Although
Haliotis discus discus, introduced from Japan, has become one of the most important culture species in China, the
economic, social and environmental effects of introduction have been rarely studied. Select ion is one of the most
important and basic breeding techniques, but the studies on selection are only a few and preliminary, referring to
the relations between genetic characteristics and the traits of growth and resistance, genetic diversity and
heritability of quantitative traits, and the effect of selection. Interspecific hybridization was the first breeding
program carried out in abalone. Experimental hybridization have been carried out for about 20 crosses. Heterosis,
such as faster growth and high survival rate, has been observed in some crosses. Triplo ids have been successfully
induced in many species of abalone with physical or chemical shock, e. g. H . discus hannai , H . rufescens , H .
diversicolor diversicolor and H . midae . Field experiments were conducted in some species of triploid abalone. In
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comparison with triploid, the research on tetraploid is still in quest stage. The progress of induction of
gynogenesis in abalone is quite slow. Conditions of sperm inactivation, diploid restoration and nuclear behavior of
gynogenetically activated eggs have been researched on in H . discus hannai . Notwithstanding the gene transfer
techno logy in abalone is in the quest stage, the research have already involved preparation of exogenic DNA,
means of gene transfer, identif icat ion integration and expression of target gene, etc. Three research directions in
these topics were proposed: to investigate the germplasm resources of abalone deeply and widely, to make use of
traditional breeding methods and modern biotechnique synthetically, and to combine the science research with
production practice.
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用。已报道染色体组型的鲍科动物共有 12 种, 根据染色
体数目可以分为 2n 为 36、32 及 28 三类(表 1)。但精细分
析染色体形态结构的报道仅见 Okumura等对皱纹盘鲍染
色体进行 C 带分析[ 2]及染色体指数测量[3]。
表 1 鲍染色体组型研究概要









皱纹盘鲍( H. discus hannai ) 36 20m+ 16sm [ 4]
黑鲍( H. cracherodii ) 36 [ 5]
大鲍( H. gigantea) 36 20m+ 16sm [ 6]
日本大鲍( H. madaka) 36 20m+ 16sm [ 7]
盘鲍( H. discusdiscus) 36 20m+ 16sm [ 4]
平鲍( H. planata) 32 18m+ 12sm+ 2st [ 8]
多变鲍( H. varia ) 32 18m+ 12sm+ 2st [ 8]
杂色鲍( H . diversicolor diversicolor ) 32 16m+ 14sm+ 2st [ 8]
耳鲍( H. asinina) 32 20m+ 12sm [ 9]
羊鲍( H. ovina ) 32 18m+ 12sm+ 2t [ 9]
疣鲍( H. tuberculata) 28 16m+ 12sm [ 10]
薄片鲍( H. lamellosa ) 28 16m+ 12sm [ 10]
注: m:中部着丝点型; sm:亚中部着丝点型; st:亚端部着丝点型; t :端部着丝点型; :原文未提供












种群的遗传结构[ 17- 20] , 也用于研究养殖状态下鲍遗传多
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发展十分迅速。
在鲍的 DNA 标记中, 研究及应用最多的是微卫星。










报道, 如Huang 等[ 35]在分析澳大利亚维多利亚沿岸黑唇
鲍种群遗传结构时应用了 RAPD、小卫星及 RFLP; 万俊芬
等[39]应用 RAPD研究了盘鲍 皱纹盘鲍杂种优势产生的
分子遗传机制。除了基因组 DNA 多样性, DNA 标记还少









标记[ 35, 36] , 其中微卫星标记是分析种群结构的首选方
法[ 35, 36]。自然种群结构的研究结果表明, 鲍的种群结构




限相关。但也有例外, 如 Zuniga 等[ 40]研究了墨西哥 Baja




样性随着传代逐渐丧失[21, 22] , 因此要保持遗传多样性就
要在人工育苗时保证足够数量的雌性及雄性亲鲍。
表 2 6种鲍的微卫星座位筛选













黑唇鲍( H. rubra ) 3 8~ 41 [ 27]
黑唇鲍( H. rubra ) 9 0. 14~ 0. 76 0. 40~ 0. 90 2~ 16 [ 28]
红鲍( H. rufescens) 21 12~ 28 [ 29]
耳鲍( H. asinina) 11 0. 29~ 0. 96 2~ 25 [ 30]
堪察加鲍( H. kamtschatkana ) 12 0. 17~ 0. 80 0. 20~ 0. 89 3~ 10 [ 31]
皱纹盘鲍( H. di scus hannai ) 4 0. 30~ 0. 97 0. 60~ 0. 92 14. 3 [ 32]
盘鲍( H. discus discus) 5 0. 17~ 0. 80 0. 20~ 0. 89 3~ 10 [ 33]














从 1996年开始建立了100 个家系, 用以研究红鲍生存率、
生长率、产肉量、性成熟年龄的遗传多样性及遗传力, 得到
不同鲍龄壳长及成活率的多样性及遗传力数据,并认为理
论上连续选择 4 代就可以使生长速度加快 2 倍。Hara
等[ 49]报道,经过连续 3 代选择的皱纹盘鲍与对照组鲍相



























































Tab. 3 A summary on studies of hybridization in abalones
亲鲍 parental species 受精率或发育率( % )
fertilizat ion or development rate
文献
reference
红鲍( H . rufesense ) 绿鲍(H . fulgens ) 32. 1 [ 52]
绿鲍( H . fulgens) 红鲍(H . rufesense ) 29. 8
红鲍( H . rufesense ) 粉红鲍(H . corrugata ) 16. 4
粉红鲍( H . corrugata) 红鲍(H . rufesense) 23. 2
红鲍( H . rufesense ) 白鲍(H . sorenseni ) 29. 7
白鲍( H . sorenseni ) 红鲍(H . rufesense ) 96. 3
绿鲍( H . fulgens) 粉红鲍(H . corrugata ) 36. 1
绿鲍( H . fulgens) 白鲍(H . sorenseni ) 19. 7
盘鲍( H . discus di scus ) 皱纹盘鲍(H . discus hannai ) 70~ 85 [ 54]
皱纹盘鲍( H . discus hannai ) 盘鲍(H . discus discus) 87~ 91
红鲍( H . rufesense ) 皱纹盘鲍(H . discus hannai ) 2. 1 [ 41]
皱纹盘鲍( H . discus hannai ) 红鲍(H . rufesense) 1. 0
皱纹盘鲍( H . discus hannai ) 杂色鲍(H . diversicolor diversicollor) 0. 4~ 2. 8 [ 55]
杂色鲍( H . diversicollor diversicol lor) 皱纹盘鲍(H . discus hannai ) 3. 5~ 15. 0
盘鲍( H . discus di scus ) 杂色鲍(H . diversicollor diversicollor) 1. 5~ 4. 0
杂色鲍( H . diversicollor diversicol lor) 盘鲍(H . discu . discus) 1. 0~ 53. 8
皱纹盘鲍( H . discus hannai ) 日本虾夷盘鲍( H . gigantea dicus) 57. 0 [ 52]
日本虾夷盘鲍( H . gigantea dicus) 皱纹盘鲍(H . discus hannai ) 52. 0
大鲍( H . gigantea) 盘鲍(H . discus) 81~ 95 [ 56]
皱纹盘鲍( H . discus hannai ) 堪察加鲍(H . kamtschatkana ) 20 [ 57]
因此,关于诱导三倍体鲍的研究大多集中于对诱导程
序的主要参数进行优化,以期得到最高三倍体诱导率及成
活率。其中最重要的 3 个参数是: 作用起始时间、作用强
度和作用持续时间。用于鉴定三倍体鲍的方法主要有染




类型,即 三极分离 、联合二级分离 、独立二极分离
等。
三倍体鲍与二倍体鲍相比有一定的优势, 如生长速
度[ 61, 65,66]、温度耐受力[ 67]和氨基酸含量[ 65]等。三倍体鲍
的生长速度常表现为早期可能不比二倍体鲍快,但晚期显
著快于二倍体鲍, 如孙振兴等[ 65]比较二倍体三倍体盘鲍
生长时发现, 鲍龄在 8~ 12 个月时, 二者壳长与体重没有
显著差异; 鲍龄达 24个月时, 三倍体鲍生长性状显著优于
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导出4. 8~ 21. 9%的四倍体鲍幼体, 但发育到面盘幼体就
陆续死亡。他们认为,造成四倍体成活率低的原因可能包
括: ( 1)化学药品的毒性作用或由于阻止第一极体释放引



















酶电泳证实存活后代中雌核发育的比率为 50~ 60% ,同时
测量了雌核发育后代的壳长,发现离差高于对照组。由于
鲍及至贝类雌核发育研究进展缓慢, 因此, Li等[ 74- 76]试
图从细胞学角度研究鲍雌核发育机制,以寻找改进雌核发
育技术的途径。他们先研究了紫外线辐射对精子超微结
构的影响[ 71, 72] , 结果表明, 随着紫外线剂量的上升, 精子
顶体及鞭毛受损程度加剧。继而他们又研究了雌核发育
受精过程配子细胞核的变化[ 73] , 发现用遗传失活精子激
活并经过细胞松弛素 B 处理的卵子中形成 2 个雌性原核


















实外源 DNA 与基因组 DNA 有效整合。Sin 等[ 76]发现电
脉冲可以提高红鲍精子与 DNA的结合。Tsai等[ 77]先利用
电脉冲使抗冻基因重组质粒与精子结合在一起,再通过受
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